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© Measurement of electrical resistivity of particulate entrained in a gas stream. 



<§) The resistivity of particulate matter in a gas 
stream, such as a combustion gas stream produced 
in a coal-fired power plant, is measured by collecting 
a sample of the particulate on the surface of a 
porous ceramic cylinder (62), either with or without 
an applied collection voltage, and then determining 
the resistance of the sample with a compound mea- 
surement electrode (82) having multiple conductors 
(84,86). The referece electrode (89) and the mea- 
surement electrode (82) are spirally wound on the 



ceramic cylinder (62) in an interdlgitated manner, so 
that the two (82,98) are laterally adjacent down the 
length of the cylinder (62). The pressure within the 
cylinder (62) is controllable, with a pressure below 
atmospheric being applied to draw the particulate to 
the surface and ascertain when a sufficient sample 
for measurement is present, and a pressure above 
atmospheric being applied to blow away the sample 
after the measurement is completed, thereby prepar- 
ing the instrument for the taking of another sample. 
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BACKGROUND OF THE INVENTION 



This invention relates to the measurement of 
the electrical resistivity of particulate material en- 
trained in gas streams, and, more particularly, to 
the measurement of the electricai resistivity of the 
entrained particulate material in power plant com- 
bustion gases that are to be subjected to electro- 
static precipitation treatment 

In a coal-fired power plant, coal is burned to 
heat air, which in turn boils water to form steam. 
The steam drives a turbine and thence an electric 
generator, producing electricity. Besides heat, the 
burning of the coal produces gaseous pollutants 
such as sulfur and nitrogen oxides, and a solid 
particulate known as fly ash. Environmental protec- 
tion laws mandate that the amounts of gaseous 
pollutants and solid particulate emitted from the 
power plant be maintained at acceptably low levels, 
and the present invention deals generally, with the 
technology for controlling particulate emissions. 

One widely used approach for removing the 
particulate fly ash from combustion gas streams is 
electrostatic precipitation. The combustion gas 
stream with entrained particulate is passed be- 
tween highly charged electrodes that ionize the 
particles so that they are attracted to, and depos- 
ited upon, a collection electrode. The particulate 
, may optionally be charged prior to entry into the 
precipitator to increase the efficiency of removal. 
The cleaned combustion gases are released to the 
atmosphere, and the precipitated particulate is re- 
moved from the collection electrode. 

The efficiency of operation of electrostatic 
precipitators depends markedly upon the electrical 
resistivity of the particulate. If the resistivity is too 
high, a collection current cannot be induced to flow 
between the electrodes of the precipitator, so that 
the ability to collect particulate is reduced, some- 
times severely so. There exist conditioning proce- 
dures and apparatus for altering the conductivity of 
the particulate by injection of conditioning agents 
into the combustion gas stream prior to its entering 
the electrostatic precipitator. 

An example of such a treatment procedure is 
that disclosed in US patent 3,993,429, and this 
approach has become widely accepted and used 
throughout the United States and the world. In this 
approach, a conditioning gas such as sulfur trioxide 
or ammonia is injected into the combustion gas 
stream. In the case of sulfur trioxide, the condition- 
ing gas reacts with water in the gas stream to 
produce sulfuric acid that is deposited upon the 
surface of the particulate. The ionized sulfuric acid 
reduces the electrical resistance of the particulate, 
which in turn raises the electrical conductivity of 
the fly ash particulate so that the electrostatic pre- 



cipitation treatment works well. Conditioning treat- 
ments are routinely used where the sulfur content 
of the coal burned in the power plant is so low that 
the electrical resistivity of the resulting particulate 
5 . is too high to permit the electrostatic precipitators 
to operate properly. 

The proper amount of conditioning gas to in- 
ject, and the best operating settings of the 
precipitators, must be determined to permit opti- 
70 mum operation of the system. To achieve operat- 
ing control of the precipitator and/or the condition- 
ing system, it is desirable to know the electricai 
resistivity of the particulate being precipitated on 
an ongoing basis, using measurements within the 
75 apparatus. With this knowledge, the operation of 
the system can be optimized in real time under 
manual or automatic control. If the resistivity of the 
particulate is not known, then the proper operating 
parameters can only be approximated, based upon 
20 the experience of the operator. 

There have been developed various types of 
apparatus for measuring the electrical resistivity of 
the particulate. These include the Southern Re- 
search Institute point-to-plane probe, the Wahlco 
25 cyclonic probe, and the interlocking comb probe. 
All of these probes permit measurement of some 
resistivity parameter, but all also suffer from certain 
shortcomings. The objective of the measurement is 
to determine the resistivity of the particulate under 
30 as realistic conditions as possible, simulating the 
* conditions within the electrostatic precipitator. None 
of the known types of probes collect truly repre- 
sentative samples of the particulate under the con- 
ditions of precipitation. Moreover, none of the 
35 known apparatus are, continuous or semicon- 
tinuous in operation, and must be inserted into the 
flowing gas stream on an intermittent basis to ac- 
complish the measurement 

There therefore exists a need for an improved 
40 apparatus and method for collecting samples arid 
measuring the resistivity of particulate entrained in 
a gas stream, in a wide variety of circumstances. 
This need is particularly acute for the measurement 
of the resistivity of fly ash particulate in the com- 
45 bustion gas stream of coal-fired power plants. Such 
an approach desirably would collect a representa- 
tive sample of particulate under precipitator operat- 
ing conditions. Also, the approach should permit 
continuous or nearly continuous measurement of 
so resistivity, to allow real-time, continuous, control of 
the gas cleanup system, where present The 
present invention fulfills this need, and further pro- 
vides related advantages. 

55 

SUMMARY OF THE INVENTION 



2 



3 



EP 0 401 724 A2 



4 



The present invention provides an apparatus 
(also termed a measurement probe or probe) and 
method for conducting measurements of the elec- 
trical resistivity of samples of particulate obtained 
from flowing gas streams in which the particulate is 
entrained. The apparatus obtains samples of the 
particulate that are highly representative of the 
actual particulate mass on the collection plates of 
the electrostatic precipitator, because the samples 
are gathered under conditions approximating those 
of the precipitator operation. The apparatus is auto- 
matic and semi-continuous. 

In accordance with the invention, particulate 
resistivity measurement apparatus comprises a hol- 
low cylindrical, substrate made of an electrical in- 
sulator; two interdigitated electrodes spirally wound 
on the substrate, including a measurement elec- 
trode, and a reference electrode; a measurement 
power supply that applies a measurement voltage 
between the measurement electrode and the refer- 
ence electrode; and a current measurement meter 
that measures the current flowing between the 
measurement electrode and the reference elec- 
trode due to the applied measurement voltage. 

More specifically, particulate resistivity mea- 
surement apparatus comprises a substrate; two ad- 
jacently positioned electrodes supported on the 
substrate, including a measurement electrode hav- 
ing a composite structure including a measurement 
conductor, a pair of confinement conductors, one 
on either side of the measurement conductor, and 
an insulation layer between each of the confine- 
ment conductors and the measurement conductor, 
and a reference electrode; a measurement power 
supply that applies a measurement voltage be- 
tween the reference electrode and the measure- 
ment conductor of the measurement electrode; and 
a current measurement meter that measures the 
current flowing between the reference electrode 
and the measurement electrode due to the applied 
measurement voltage. 

In a particularly preferred approach, particulate 
resistivity measurement apparatus, comprises a cy- 
lindrical substrate that is sealed at the ends to 
permit control of the interior pressure of the sub- 
strate, and is made of a porous ceramic; a pres- 
sure controller communicating with the interior of 
the substrate, the pressure controller including a 
vacuum source of a pressure below atmospheric, a 
purging source of a pressure above atmospheric, 
and a valve that is controllable to connect the 
interior of the substrate to either the vacuum 
.source or the purging source; a perforated shield 
around the exterior of the substrate; two inter- 
digitated electrodes spirally wound on the sub- 
strate, including a measurement electrode having a 
composite structure including a measurement con- 
ductor, a pair of confinement conductors, one at a 



greater cylindrical radius and one at a lesser cylin- 
drical radius than the measurement conductor, and 
an insulation layer between each of the confine- 
ment conductors and the measurement conductor, 

5 each of the confinement conductors being at 
ground potential, and a reference electrode; a mea- 
surement power supply that applies a measure- 
ment voltage between the reference electrode and 
the measurement conductor of the measurement 

io electrode; and a current measurement meter that 
measures the current flowing between the refer- 
ence electrode and the measurement conductor 
due to the applied measurement voltage. 

In the preferred approach, the measurement 

75 electrode and the reference electrode are spirally 
wound in an interdigitated fashion on the substrate. 
The confinement conductors and the measurement 
conductors are grounded, and the confinement 
conductors minimize extraneous influences on the 

20 resistivity measurement. A voltage is applied be- 
tween the reference electrode and the measure- 
ment conductor. The current that flows as a result 
of the applied voltage provides a measure of the 
resistivity of the particulate in the gap between the 

25 measurement electrode and the reference elec- 
trode. 

This apparatus is operated in a semi-continu- 
ous manner. A sample is collected by drawing a 
partial vacuum on the porous ceramic cylinder or 
30 cup to draw a sample of particulate into the gap 
between the measurement electrode and the refer- 
ence electrode. In an important variation of this 
collection approach that can be employed as ap- 
propriate, a conducting shield is positioned around 
35 the cylindrical substrate, and a collection voltage 
applied between the shield and the substrate, the 
particulate is ionized as it enters the apparatus. 
The ionized particulate is then both drawn toward 
the substrate by the gas flow and also propelled 
40 toward the substrate by electrostatic, force. When a 
sufficient sample is taken, the gas flow through the 
ceramic slows to a calibrated level and the collec- 
tion voltage, if any, is discontinued. A measure- 
ment of resistivity is taken by applying the external 
45 measurement voltage between the reference elec- 
trode and the measurement conductor portion of 
the measurement electrode. 

Because they are otherwise insulated from 
each other, a current can flow between the refer- 
so ence electrode and the measurement electrode 
only through the particulate. From a measurement 
of the current flowing through the particulate, the 
resistivity is calculated, or, equivalently, a calibra- 
tion of. the measured current to the optimal operat- 
55 ing parameters of the electrostatic precipitator 
and/or conditioning system is made. When the 
measurement is complete, the pressure on the 
interior of the porous ceramic cylinder is reversed, 
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and the collected particulate sample is blown away 
by the flow of gas out through the pores of the 
ceramic. The apparatus is ready to repeat the 
measurement by taking a new sample of the par- 
ticulate. 5 

The invention also encompasses the process 
for accomplishing the measurement using the ap- 
paratus, as described. Generally, a process for 
performing a resistivity measurement of a par- 
ticulate entrained in a moving gas stream of com- io 
bustion gas to be subjected to an electrostatic 
/ precipitation process, comprises the steps of col- 
lecting a sample of the particulate such that the 
particles enter the sample under substantially the 
same kinetic movement conditions as found in the 75 
moving gas stream; and measuring the electrical 
resistance of the sample. 

This apparatus and process are an advance in 
the operation of power plant gas cleanup proce- 
dures, providing an automated, semi-continuous 20 
measurement of electrical resistivity of particulate 
in the combustion gas stream. The measurement is 
reproducible, because the placement of the ap- 
paratus is constant and the conditions of sample 
collection are uniform from test to test The appara- 25 
tus has no moving parts within the gas stream, and . 
is reliable to operate. It is no more costly than 
other types of resistivity measurement devices, and 
less expensive than some. Other features of the 
invention will be apparent from the following more 30 
detailed description of the preferred embodiment, 
taken in conjunction with the accompanying draw- 
ings, which illustrate, by way of example, the prin- 
ciples of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic drawing of a power 40 
plant combustion gas cleanup apparatus; 

Figure 2 is a schematic side sectional view 
of one embodiment of an apparatus for measuring 
resistivity, with associated equipment and instru- 
mentation shown pictorially; 45 

Figure 3 is an enlargement of a detail of 
Figure 2, illustrating the structure and interrelation- 
ship of the electrodes; 

Figure 4 is a perspective view of one con- 
struction for the porous cylinder used to collect the 50 
particulate; 

Figure 5 is a sectional view of the cylinder of 
Figure 4 transverse to the cylindrical axis, taken 
generally along lines 5-5; 

Figure 6 is a sectional view of the cylinder of ss 
Figure 4 transverse to the radius of the cylinder, 
taken generally along lines 6-6; and 

Figure 7 is a schematic side sectional view 



of a second embodiment of an apparatus for mea- 
suring resistivity. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



The present invention is preferably used in 
conjunction with an apparatus 10 for precipitating 
particulate from a combustion gas stream, which is 
depicted in Figure 1. In a conventional coal-fired 
power plant, coal is burned by a combustor 12, and 
the resulting hot combustion gas is passed through 
a boiler 14. where it heats and boils water. The 
resulting steam in a loop 16 flows to a 
turbine/generator set 18, where electricity for con- 
sumption is produced. The stearrf is condensed, 
and the water flows back through the loop 16. 

The combustion gas stream leaving the boiler 
14, indicated by numeral 20, cannot normally be 
exhausted directly to the atmosphere, because it 
contains the particulate or fly ash resulting from the 
combustion 12. If it were exhausted to the at- 
mosphere, the fly ash would deposit on everything 
surrounding the power plant, leaving a thick coating 
of soot. Fortunately, the fly ash can be removed 
from the combustion gas stream 20 by electrostatic 
precipitator technology, if the fly ash has a suffi- 
ciently low electrical resistivity. 

The fly ash produced by some types of coal, 
particularly coal containing a low sulfur content has 
too high an electrical resistance to be processed in 
an electrostatic precipitator, and therefore must be 
conditioned before entering the precipitator. It is 
known to inject a conditioning gas into the combus- 
tion gas stream by a conditioning apparatus 30, 
illustrated schematically in Figure 1. 

The conditioning apparatus 30 injects a con- 
ditioning agent (that may be a gas, a liquid, or a 
solid, but is preferably a gas) into the combustion 
gas stream 20. The conditioning agent is preferably 
sulfur trioxide, but may be, for example, other 
gaseous oxides of sulfur, ammonia, or water vapor. 
The preferred apparatus 30 therefore includes a 
source 32 of the conditioning gas, and a plurality of 
injector nozzles 34 that extend into the combustion 
gas stream 20 to inject the conditioning gas di- 
rectly into the stream 20. A valve 36, or other flow 
control device, meters the conditioning gas into the 
combustion gas stream 20 through the nozzles 34. 
A preferred source 32 is disclosed in US patent 
3,993,429, and a preferred construction of the noz- 
zles 34 is disclosed in US patent 4,179,071. The 
disclosures of both of these patents are incor- 
porated herein by reference. 

The injected conditioning gas molecules react 
with the particulate in the gas stream to increase 
the conductivity of the particulate, or. alternatively 
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stated to lower its resistivity. In the case of the 
preferred sulfur trioxide conditioning gas. the con- 
Sorino gas reacts with the residua, moisture in 
Z combustion gas to form sulfuric acid I on 
surface of the particulate, which increases the elec- 
trical conductivity of the particulate. 

Mer conditioning, if any. of the combustion 
gas stream 20. the combustion gas flows to an 
electrostatic precipitator 40. The P^**^J 
may be of any of the many types commerc ally 
Sable and known in the art. The P^P't^or 40 

ides a plurality of ^^.fj^^ 
high voltage, and grounded prectprtation plates ^ 
j£ particulate in the gas stream 20 .s ionized by 
the electrostatic field established between the elec-. 
£ 0 des 42 and the plates 44. and is attracted to be 
deposited as a layer 46 upon^ the plates *far 
<mhseouent removal. The operation of the electro- 
sS precipitator 40. including the voltage and 
cunent applted to the electrodes 42. the rapping of 
ST olates 44 to cause the collected peculate to 
fa5 in^ hotels, and auxiliary control and display 
SncSons are under the control of an electrostatic 

^^TLurce 32. the va.ve 36. and the 
controller 4?Tn an optima, manner, it is necessary 
Tassess the e.ectrica. resistivity of the part.cu.ate 
being depostted as the layer 46 in the electrostahc 
SSr 40. The present invention prov,des 
measurement apparatus for that purpose. . 

A particulate resistivity measurement apparatus 
60 is mounted within or upstream of (^sarto^e 
combustor 12) the electrostatic precipitator 40. The 
ao^aSs 60 provides a semi-continuous measure- 
n S^the°resistivtty of the particulate deposited 
under conditions similar to those expenenced by 
the laver 46 in the precipitator . - 

Referring to Figures 2 and 3. the apparatus 
includes a parous cylinder 62 that is closed at one 
end Thls^ cylinder 62 Is also variously referred to 
as a Z °r thimble. The cylinder 62 is preferably a 
ceramic such as aluminum oxide, but may be a 
ST. Wgh temperature plastic, or other suitable 
Ci The cy.inder 62 should have a reasonably 
low coefficient of thermal expansion and must be 
'IS sound but porous to the P^age of 
orTssurized gas. Such cylinders are readily avall- 
aS 7m%£a percent dense aluminurn oxide 
Ssed onetend cylinders from Norton Co. The cyl- 
inder 62 is mounted to a fitting 64. 

Also mounted to the fitting 64 is a shield 66 
that has a plurality of perforations 68 or hotes 
merettrough to admit the particulate-laden , gas. 

entrained particulate, to the interior of 
the shield 66 and to the outer surface of the 
c^inde^ (An unperformed shield wittj an entry 
P^rsuch as will be discussed in relation to tte 
embodiment of Figure 7, can also be used.) The 



distal end of the shield. 66 is closed, and supports 
a Assure Camp 70 that holds the cylinder 62 : « 
Place against the fitting 64. The pressure .clamp | 
Edes a pair of posts 72 that support a cross , 
s Se^e 74 The cross piece 74 is preferably flexible. 
6 and ,s mounted to the posts 72 using expansion 
washers 76 that permit the sh,e d 66 to expand 
with increasing temperature * f ' ^ j 
pressure against the closed end of the cylinder ^62 
70 trough a pressure pad 78. The pressure pad I 78> 
mounted to the cross piece 74 with a compression 
Tcrew 80 that may be tightened °' Jc 056 "^* 
the retaining pressure against *e end o^e 
cylinder 62. This arrangement provides a rel.abl* 
, 5 adjustable approach for mounting the elements of 
the apparatus 60 together. 

Wrapped around the outer circumference of 
the cySer 62 in an Interdigitated. 
configuration are two electrodes whose sfructu e 
20 and relationship are depicted in more detain 
Sgure 3. A measurement eiectrode 82 has a com- 
Dostte structure with a single measurement con- 
SucS sTsandwiched between two confinement 
conductors 86. An insulation layer 88 separates^ 
25 measurement conductor 84 from each of *e con 
25 finement conductors 86 on either side. The two 
confinement conductors 86 are grounded. 

A reference electrode 98 is a solid eectrica 
conductor that Is spirally wound around the cyl 
30 Snder 62 in an interdigitated fashion wrth the mea 
surement electrode 82. 

The reference electrode 98 is connected 
throuoh a lead 100 to the high side of a measure- 
Slwersupply 94. The low side of the power 
as Sy 94 is grounded, but connected to the mea- 
35 Turoment conductor 84 of themeasuremen _e»ec- 
frode 82 through a lead 92. The power supply 94 
Ses a voltage, for example 1000 volte, between 
K reference electrode 98 and the -aasuroment 
40 conductor 84. If the gap between *a jference 
electrode 98 and the measurement conductor 84 Is 
SSTwith an electrically conducting material de- 
noted as a conducting particulate mass 102. a 
Srent flows. The current flowing under ^ 
^ oressed voltage is measured by an ammeter 96 in 
46 K cTrcuit This current is a direct measure of the 
resistivity of the particulate materia, in the gap. 

T^e power supply 94 and the ammeter 96 are 
typify packaged'together as an electrical control 

60 ^e preceding discussion has dealt with the 
manner of maxingtte electrical ? s*stivity measure- 

Sdtrerr^r 

resistivity measurement has been completed. 

A gas line 110 communicates with the interior 
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of the cylinder 62 through an opening in the fitting 
64. The gas iine 110 connects externally to a three- 
way valve 112. The valve 112 can be operated to 
connect the interior of the cylinder 62 to a pressure 
source 114 or a vacuum source 116. The valve is 
controlled by a gas controller 118. 

The electrical controller 104 and the gas con- 
troller 118 are both under the control of a central 
controller 120. The controller 120 establishes a 
sequence of operation of the electrical voltages in 
the controller 104 and the pressure or evacuation 
instructions In the controller 118. It also monitors 
the current measured by the ammeter 96, which is 
an indication of the resistivity and thence the na- 
ture of the particulate being measured. This latter 
information is used by a human operator or a 
computer that has been programmed with an al- 
gorithm which relates operation of the precipitator 
and conditioning apparatus to particulate conductiv- 
ity. When operated in an automatic mode, the 
controller 120 can send command signals to the 
electrostatic precipitation controller 48. the valve 
36. and the source 32. 

A particularly preferred construction of the cyl- 
inder 62 is illustrated in Figures 4-6. The cylinder 
62 could be formed with a smooth outer wall, but 
such construction might permit the electrodes 82 
and 98 to shift in position with repeated expansion 
and contraction during temperature cycling. A cyl- 
inder 62 has a plurality of longitudinal grooves 130 
in its outer periphery extending parallel to the axis 
of the cylinder. There are also two interdigitated 
spirally wrapped grooves 132 and 134 in the outer 
periphery. 

The reference electrode 98 is wound spirally 
around the cylinder 62' in one of the spiral 
grooves, here the groove 132. The measurement 
electrode 82 is wound spirally around the cylinder 
62 in the other spiral groove, here the groove 134. 
The placement of the electrodes in the grooves 
prevents significant shifts of position that might 
produce questionable resistivity results. The par- 
ticulate mass 102 is collected in the portion, here 
indicated by the numeral 136, of the longitudinal 
grooves 130 that is between the supporting struc- 
ture. The particulate sample is reproducible both in 
amount and placement between the electrodes 82 
and 98, ensuring reproducible results. 

The apparatus 60 functions in the following 
manner. The gas controller 118 is operated to draw 
a mild vacuum on the interior of the cylinder 62 by 
connecting the gas line 110 to the vacuum source 
116 through the valve 112. Combustion (or other) 
gas with entrained particulate flows through the 
perforations 68 of the shield 66, and the particulate 
mass 102 is deposited upon the outer surface of 
the cylinder 62 between and over the electrodes 82 
and 98. The gas flow through the vacuum source 



116 is initially rapid, because there is little resis- 
tance other than the resistance offered by the 
porous 'ceramic of the cylinder 62. As the par- 
ticulate layer grows in thickness, the flow de- 
s creases because of the flow resistance offered by 
the mass of particulate 102. When the flow resis- 
tance increases to a calibrated amount, the control- 
ler 120 determines that a sufficient mass 102 is 
present to conduct a measurement 

10 To this point of the cycle, the measurement 

power supply 94 is not operating. When the mass 
102 is of sufficient thickness, the power supply 94 
is operated to apply the measurement voltage be- 
tween the reference conductor 98 and the mea- 

75 surement conductor 84 of the measurement elec- 
trode 82. The only current path to complete the 
circuit is through the accumulated particulate mass 
102, and the current measured by the ammeter 96 
is inversely related to the resistance of the mass 

20 102. In this manner, the electrical resistance of the 
particulate in the mass 102 is determined. This 
resistance can then be related to electrical resistiv- 
ity or simply compared to calibration standards to 
determine the operation of the precipitator and/or 

25 the conditioning gas supply. 

After the measurement is complete, the gas 
controller 118 is operated to connect the gas line 
110 to the pressure source 114 through the valve 
112, pressurizing the interior of the cylinder 62. 

30 The accumulated mass 102 is blown away by the 
gas escaping through the pores of the cylinder 62. 
The apparatus 60 is then ready for another mea- 
surement 

Another embodiment of the measurement ap- 
35 paratus 10 is illustrated in Figure 7. The cylinder 
62, electrodes 82 and 98, gas flow system, and 
electrical resistance circuitry for this embodiment 
are identical to those discussed previously. The 
difference resides in the mode of collection of the 
40 particulate sample. There are two driving forces for 
the collection in the embodiment of Figure 7. One 
is the gas inflow through the porous wall of the 
cylinder 62, as discussed previously. 

The other is an electrostatic driving force that 
45 simulates the electrostatic compaction forces pro- 
duced between the electrode 42 and the plate 44 
of the electrostatic precipitator 40. Simulating the 
electrostatic compaction force may be important 
because the resistivity of the particulate mass 102 
so may be dependent upon the extent of compaction. 

To simulate the electrostatic compaction force, 
the, shield 66 is made of a conducting solid such 
as a metal. The "shield 66 is charged electrostati- 
cally with respect to the electrodes 82 and 98 
55 during the sample collection period, using a collec- 
tion power supply 150. If the particulate particles 
are ionized, they are driven inwardly toward the 
cylinder 62 with an electrostatic driving force, as 
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indicated schematically by arrows 152. The com- 
paction voltage between the shield 66, on the one 
hand, and the electrodes 82 and 98, on the other, 
is typically sufficient to produce a voltage of 4 to 5 
kilovolts per inch of separation between the shield 
66 and the cylinder 62, but may be adjusted to 
optimally simulate the behavior of the precipitator 
40. 

The gas-entrained particulate enters the ap- 
paratus 10' through a port 154. As the particulate 
enters the apparatus, it passes between oppositely 
charged electrodes 158 and 160, which have a 
voltage typically of about 4-5 kilovolts per inch of 
separation between them. The particles in the gas 
stream are Ionized, so that they may be elec- 
trostatically accelerated from the shield 66 to the 
cylinder 62, as well as being drawn toward the 
cylinder 62 by the flowing gas stream under the 
influence of the partial vacuum applied to the inte- 
rior of the cylinder. 

The present apparatus and process thus pro- 
vide a probe for measuring the properties of par- 
ticulate that is deposited under conditions similar to 
those in the electrostatic precipitator. Although a 
particular embodiment of the invention has been 
described in detail for purposes of illustration, var- 
ious modifications may be made without departing 
from the spirit and scope of the invention. Accord- 
ingly, the invention is not to be limited except as 
by the appended claims. 



Claims 

1. Particulate resistivity measurement appara- 
tus, comprising: 
a substrate; 

two adjacently positioned electrodes supported on 
the substrate, including 

a measurement electrode having a composite 
structure including a measurement conductor, a 
pair of confinement conductors, one on either side 
of the measurement conductor, and an insulation 
layer between each of the confinement conductors 
and the measurement conductor, and 
a reference electrode; 

a measurement power supply that applies a mea- 
surement voltage between the reference electrode 
and the measurement conductor of the measure- 
ment electrode; and 

a current measurement meter that measures the 
current flowing between the reference electrode 
and the measurement electrode due to the applied 
measurement voltage. 

2, The apparatus of claim 1, wherein the sub- 
strate is cylindrical in shape. 

3. The apparatus of claim 2, wherein the mea- 
surement electrode and the reference electrode are 



spirally wound in an interdigitated fashion on the 
substrate. 

4. The apparatus of claim 1, wherein the con- 
finement conductors and the measurement conduc- 

s tors are grounded. 

5. The apparatus of claim 1 , further including a 
shield around the substrate. 

6. The apparatus of claim 5, further including a 
collection power supply that applies a collection 

70 voltage between the shield, on the one hand, and 
the reference electrode and measurement elec- 
trode, on the other hand. 

7. Particulate resistivity measurement appara- 
tus, comprising: 

75 a hollow cylindrical substrate made of an electrical 
insulator; 

two interdigitated electrodes spirally wound on the 

substrate, including 

a measurement electrode, and 

20 a reference electrode; 

a measurement power supply that applies a mea- 
surement voltage between the measurement elec- 
trode and the reference electrode; and 
a current measurement meter that measures the 

25 current flowing between the measurement elec- 
. trode and the reference electrode due to the ap- 
plied measurement voltage. 

8. The apparatus of claim 7, further including a 
pressure controller communicating with the interior 

30 of the substrate, the controller including a vacuum 
source and a pressurization source. 

9. The apparatus of claim 7, wherein the mea- 
surement electrode is a compound electrode, in- 
cluding a measurement conductor, a pair of con- 
as finement conductors, on on each side, of the mea- 
surement conductor, and an Insulation layer be- 
tween each of the confinements conductors and 
the measurement conductor. 

10. The apparatus of claim 7, wherein the 
40 confinement conductors and the measurement con- 
ductors are grounded*. 

11. The apparatus of claim 7, further Including 
a shield around the substrate. 

12. The apparatus of claim 11, further including 
45 a collection power supply that applies a collection 

voltage between the shield, on the one hand, and 
the reference electrode and measurement elec- 
trode, on the other hand. 

13. Particulate resistivity measurement appara- 
so tus, comprising: 

a cylindrical substrate that is sealed at the ends to 
permit control of the interior pressure of the sub- 
strate, and is made of a porous ceramic; 
a pressure controller communicating with the inte- 
55 rior of the substrate, the pressure controller includ- 
ing 

a vacuum source of a pressure below atmospheric, 
a purging source of a pressure above atmospheric, 
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and 

a valve that is controllable to connect the interior of 
the substrate to either the vacuum source or the 
purging source; 

a perforated shield around the exterior of the sub- 5 
strate; 

two interdigitated electrodes spirally wound on the 
substrate, including 

a measurement electrode having a composite 
structure including . a measurement conductor, a 10 
pair of confinement conductors, one at a greater 
cylindrical radius and one at a lesser cylindrical 
radius than the measurement conductor, and an 
insulation layer between each of the confinement 
conductors and the measurement conductor, each 75 
of the confinement conductors being at ground 
potential, and 
a reference electrode; 

a measurement power supply that applies a mea- 
surement voltage between the reference electrode 20 
and the measurement conductpr of the measure- 
ment electrode; and 

a current measurement meter that measures the 
current flowing between the reference electrode 
and the measurement conductor due to the applied 25 
measurement voltage. 

14. The apparatus of claim 13, further including 
a shield around the substrate. 

15. The apparatus of claim 14, further including 

a collection power supply that applies a collection 30 
voltage between the shield, on the one hand, and 
the reference electrode and measurement elec- 
trode, on the other hand. 

16. A process for performing a resistivity mea- 
surement of a particulate entrained in a moving gas 35 
stream of combustion gas to be subjected to an 
electrostatic precipitation process, comprising the 
steps of; 

collecting a sample of the particulate such that the 
particles enter the sample under substantially the 40 
same kinetic movement conditions as found in the 
moving gas stream; and 

measuring the electrical resistance of the sample. 

45 
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